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ABSTRACT 
Among the plethora of environmental mutagens, 
pesticides belong to a noxious chemical class of compounds, 
posing a major threat to global environment and human 
health. Many of them possess mutagenic, carcinogenic and 
teratogenic properties. However, very few of them have been 
tested for their mutagenic and/or carcinogenic properties. 
It is generally believed that a large proportion of human 
cancers are caused mainly due to the genotoxic chemicals 
present in the environment. It is therefore necessary to 
identify the entire spectrum of chemical carcinogens by the 
short-term mutagenicity and carcinogenicity assays in 
combination with epidemiological investigations. 
It is against this background that we have 
evaluated the genotoxic and mutagenic potential of four 
pesticides viz., captan, foltaf,phosphamidon and furadan. 
Our studies have provided a complete profile of the 
mutagenic potential and provided insights into their 
mechanism of repair in bacteria. Of the four pesticides 
studied, captan showed highest mutagenic response followed 
by foltaf, phosphamidon and furadan. Captan was found to be 
most mutagenic in the absence of metabolic activation (-S9). 
However, in the presence of S9 mix its mutagenic activity 
dropped significantly. About 1.6 to 13 times higher 
ix 
mutagenic response of captan was observed compared to the 
reported values. Foltaf, phosphamidon and furadan have been 
detected as comparatively weak mutagens. 
A clear role for pol^ recA and lexA genes in the 
repair of the pesticide induced DNA damage is suggested by 
studies on the genotoxic effect of the pesticides on DNA 
repair defective mutants of E^ coli. The wild-type strain 
AB1157 showed a decline in survival in the presence of 
captan, foltaf and furadan. The mutants polA~, recA~ and 
lexA~ also showed a significant decrease in survival on 
exposure to the pesticides. Based on our repair studies, it 
is suggested that inducible error-prone repair pathways 
involving the recA and lexA genes are in operation in the 
enzymatic removal of pesticide induced lesions in DNA. 
x 
CHAPTER -1 
REVIEW OF LITERATURE 
REVIEW OF LITERATURE 
The human environment is being polluted 
continuously by the ever increasing presence of toxic 
pollutants, introduction of synthetic chemicals, rapid 
and unplanned industrialization, deforestation, burning 
of domestic and industrial fuels and many such 
activities. While there are a large number of 
environmental agents to which people are exposed in an 
occupational setting, carcinogenic substances are also 
entering our system through food, air and water(Gupta, 
1989 ) . 
The realization that many chemicals have a 
potential of damaging the genetic material has led to 
considerable scientific effort to detect, in the tiuman 
environment, the noxious substances that might induce 
mutations culminating in tumorigenesis. In recent years 
it has become more and more substantiated that 
mutagenic chemicals pose danger to the present 
generation because of the high correlation between 
mutagenicity and carcinogenicity (Gocke et. al.» 1981). 
Many heavy metals, several food mycotoxins, pesticides 
which may contaminate food , synthetic hormones and 
other food additives have been found to be carcinogenic 
(Ray, 1986 ; Culliney gt. al . 1992). 
It has long been known that cancer can arise as a 
result of exposure to a variety of agents, and studies 
on the mechanism of the induction process have revealed 
that pure chemicals themselves are able to cause cancer 
(Miller, 1978). Damage to DNA by environmental mutagens 
may be the main cause of death and disability in 
advanced societies (Cairns, 1975). It is believed that 
this damage, accumulating during the lifetime initiates 
most human cancer and genetic defects and is quite 
likely a major contributor to aging (Burnet, 1974) and 
heart disease as well (Pearson et. aX> 1975). 
Pesticides - Uses and Consequences : 
A pesticide is defined as "any substance or 
mixture of substances for destroying, preventing, 
repelling or mitigating any pest, including chemicals 
intended for use as a plant regulator, defoliant or 
dessicant" (CFR, 1986). The purpose of a pesticide is 
to control insect and animal vectors in human disease 
and to increase agricultural productivity which has led 
to a 307. increase in food production worldwide (Jain, 
1992). It has been projected that there will be a 117. 
increase in the overall share of pesticide use in 
developing countries from the current 24% to 35% by 
the year 2000 (Jain, 1992). 
The benefits of pesticide use should also be 
weighed against their harmful effects on human health, 
biological interactions with non-target species, 
pesticide resistance, and alterations to and /or 
accumulation of pesticide in the environment. The 
increased and continued use of pesticide is associated 
with human health risks, adverse effect on non target 
organisms and contamination of air, soil and water. 
Less than 0.17. of the applied pesticides are estimated 
to actually reach the target pests and therefore large 
amounts are entering the environment and contaminating 
soil and water resources (Young, 1987). In order to 
minimize the risks associated with the use of 
pesticides, Young (1987) advocated a better 
understanding of pesticide pharmacology and toxicology, 
pests and pest management, and potential hazards 
associated with pesticide use. 
All pesticides are considered to be toxic to 
humans and other organisms. The degree of harmfulness 
to humans and other living organisms depends on 
pesticide characteristics, the amount or dosage of the 
pesticide, and the duration of exposure or contact 
time. Studies on mammalian toxicity including acute, 
subchronic, chronic, mutagenicity and special tests 
provided a data base for evaluating the hazards and 
risk assessment associated with pesticides (Cardona, 
1987). 
Substantial amount of literature is available 
indicating that the pesticide / insecticide load in the 
food chain is increasing (Anon , 1973; Manske and 
Johnson, 1977 ),due to their intensive, widespread and 
indiscriminate use. Even the mother's milk has been 
reported to contain certain level of pesticides. 
Various fruits, vegetables and cereals also accumulate 
biologically significant quantities of pesticides. ( 
Kannan et. al . 1992). 
For this reason, the genotoxic and mutagenic 
activities of a number of pesticides have been the 
subject of extensive research. Such studies have a 
predictive value for the potential of the pesticide to 
cause cancer ( Innes et. ai.5l969; Ames et, al_»i*?75; Mahr 
and Miltenburger, 1976; Simmon, 1978; Waters et. al , 
1980; Moriya et. al_, 1983; Rosenkranz et. al.. 1984), 
Classification of Pesticides : 
The term "pesticide" is a generic name, which 
includes not only insecticides but also herbicides, 
fungicides, rodenticides, fumigants , other growth 
regulators and repellents. A list of some 
representative pesticides is given in table I. 
Table-I: Categories of different pesticides 
(1) Insecticides 
(a) Chlorinated hydrocarbons DDT, Aldrin, Dieldrin, Heptachlor, 
(organochlorines) Toxaphene, Chlordane, Methoxychlor 
Endosulfan, BHC, Endrin. 
(b) Organophosphates Malathion, Parathion, Diazinon, 
Guthion, Phosphamidon, 
Dimethoate, Monocrotophos, 
Dichlorvos. 
(c) Carbamates Sevin, Zectran, Baygon, Temik, 
Furadan, Carbaryl, Isolan. 
(d) Pyrethrins Allethrin and Cyclethrin 
(2) Fungicides 
(a) Dithiocarbamates 
(b) Nitrogen containing 
compounds 
Ferbam, Ziram and Maneb. 
PhenyImercuric acid acetate, 
Triazines, Quinones, Heterocyclics, 
and some heavy metals. 
(c) Organochlorine Hexachlorobenzene, Captan, 
Foltaf. 
(3) Herbicides 
(a) Phenoxy acids 
(b) Aquatic herbicides 
(4) Rodenticides : 
(a) Inorganic 
(b) Organic 
2 , 4 - D and 2 , 4 , 5 - T . 
E n d o t h a l and D i q u a t . 
Barium carbonate. 
Sodium F l u o r o a c e t a t e , W a r f a r i n , 
(5 ) Fuffligants ; 
(a) Organic Methyl Bromide, CS2• 
(6) Others : 
(a) Plant growth regulators 1-Naphthylacetic acid. 
(b) Repellents Deet, Dimethyl phthalate. 
(von Rumker e^ al., 1975) 
Pesticides as Carcinogens : 
There are numerous reports on the mutagenicity of 
captafol (Difolatan) and captan (Seller , 1973; Kada et. 
al . 1974). Kada et. ai. (1974) have reported captafol to 
be a weak base change mutagen. Moriya ejt al_ (1983) have 
also reported the same for captafol by E.coli WP2 her 
strain. Captafol, an alkylating agent, has produced 
genotoxic effects in, in. vitro systems (IPCS, 1990a). 
Captan, a broad spectrum fungicide is also an 
alkylating agent which has demonstrated genotoxic 
properties iri. vitro (IPCS, 1990b). Captan has also 
been reported to be a weak base change mutagen (Siebert 
et aX, 1970; Clarke, 1971; Brideges et. al_ , 1972). 
Moriya e^t. al_ (1983) have also reported captan to be a 
base-change mutagen in a test on WP2 her, TA1535,TA100, 
TA1537, TA1538 and TA 98. Moriya et. al (1978) have 
reported that mutagenicity of captan decreased by S9 as 
also by blood and cysteine. Captan has been shown to 
increase in mutagencity in TA98 by the plant extract 
activation (S14), while in TA100 it decreased 
(Rasquinha et. al., 1988). Captan induced mutation has 
been observed with the recA assay of B. subtilis (Kada 
et al. 1974) and the involvement of the error-prone 
recombination - dependent repair system and the 
recombination- dependent repair mechanisms in both the 
£.. coli K-12 as well as E.coli WP2 repair systems 
(Rashid and Ralph, 1986). A Microscreen phage-induction 
assay performed by Houk and DeMarini (1787) showed that 
captan was genotoxic and induced prophage. Reuber 
(1989) has reviewed the carcinogenicity of captan in 
mice and rats. 
Carbofuran or Furadan, is a broad spectrum 
carbamate and used as an insecticide and nematicide. 
This insecticide has been shown to be a frame-shift 
mutagen. Carbofuran has been tested for mutagenicity 
and shown to be positive in frame shift type strains 
(Moriya et. al_) 1983). Carbofuran and its metabolite 3-
ketocarbofuran have been reported to be acutely toxic 
in the Microtox method of toxicity assessment (Kross et. 
aJL, 1992). 
Mutagenicity of organo-phosphorous pesticides , 
especially phosphamidon has been reported by Vishwanath 
and Jamil (1986). This was found to be a weak mutagen 
and caused base change mutations in the Ames Salmonella 
assay. This pesticide has also been reported to be 
mutagenic • in the E. coli WP2 Try-systems and 
clastigenic in the human leucocyte tests system 
(Patankar and Vaidya, 1980). Phosphamidon has been 
shown to have mutagenic activity in. vitro and iji vivo 
in mammalian systems (Georgian, 1975; Usha Rani et. al. 
1980) . 
It has been reported that mutagenic activation or 
inactivation of the ingested chemicals can occur 
through various metabolic processes in the animal body 
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(Lu et. aX» 1^72; Prins, 1978). In such transformation 
of the chemicals, liver microsomal enzymes and 
intestinal microflora play major roles (Prins, 1978). 
Pednekar et. al_ (1987) have evaluated the mutagenic 
activities of commonly used insecticides - endosulfan 
(organochlorine), phosalone and malathion 
(organophosphorus) and permethrin(pyrethroid) before 
and after activation with fecal microbial extracts or 
with liver post mitrochondrial fraction (39 fraction) 
or rat in Ames test with Salmonella tvphimurium tester 
strains TA97a, TA98 and TA100. 
The microtitration SOS chromotest to study 
genotoxicity, showed that nine pesticides were capable 
of inducing SOS response in E.. col i. The SOS inducing 
potency was least for captafol and captan (Xu and 
Schurr, 1990). Wong et. aj. (1989) have reported that 
diazinon, dimethoate, fenitrothion, malathion, 
phenothoate and quinolphos were non-mutagenic in the 
absence of S9, diazinon, dimethoate and quinolphos were 
mutagenic in the absence of S9, while in the presence 
of S9, diazinon, dimethoate and quinolphos were 
mutagenic. Several new chemical mutagens in 
pesticides have been detected by the rec-assay 
procedures. The mutagenic specificities of Captafol; 
DAPA (Dexon) and NBT (Nirit) were determined using gj. 
coli WP2 and Ames Salmonella system by Kada et. al. 
(1974). 
Genotoxic and Non-genotoxic Carcinogens. 
The classification of carcinogens into two 
categories, genotoxic and non-genotoxic has been 
proposed to give a logical foundation on which cancer 
risk assessment is reasonably based. The term 
"genotoxic carcinogen' indicates a chemical capable of 
producing cancer by directly altering the genetic 
material of target cells, while "non-genotoxic 
carcinogen" represents a chemical capable of producing 
cancer by some secondary mechanism not related to 
direct gene damage. Most classical carcinogens such as 
polycyclic aromatic hydrocarbons, nitroso-compounds, 
aromatic amines and azo dyes belong to the genotoxic 
category. However, sex hormones like estrogen and 
progesterone can be raised as typical examples of non-
genotoxic carcinogns (Hayashi, 1972). While this 
classification can not be applied, at present to all 
instances due to insufficiencies in necessary 
information or limited current knowledge on 
carcinogenesis, the genotoxic versus non-genotoxic 
carcinogen concept can still contribute to a basic 
understanding of carcinogenic mechanisms and 
establishment of strategies for cancer risk evaluation 
from exposure to the environmental chemicals. 
Carcinogenesis is a multi-step evolutionary 
process occuring both in. vivo and in cell culture 
(Newbold,1983; Boone et. art, 1992). The concept of 
multistage carcinogenesis was initially developed 
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decades ago in rodent skin models (Rous and Kidd, 1941; 
Mottram, 1744) and has since been shown to apply more 
generally to cancers of many species and cell types. It 
is now beleived that experimental carcinogenesis 
proceeds through at least 3 distinct stages viz. 
initiation, promotion and progression. The first stage 
of carcinogenesis, initiation, results from 
irreversible genetic alterations, most likely one or 
more simple mutations, transversions, transitions 
and/or small deletions in DNA. The reversible stage of 
promotion does not involve changes in the structure of 
DNA but rather in the expression of the genome mediated 
through promoter—receptor interactions. The final 
irreversible stage of progression is characterized by 
karyotypic instability and malignant growth (Pitot, 
1993). Oncogene research has provided new insight into 
the cellular signal pathways, as well as genetic 
alterations leading to neoplastic growth. The current 
understanding of the processes regulating tumor 
initiation and progression is based on the observation 
that genes found in tumorigenic retroviruses, genes 
from spontaneus human tumors that could transform 
recipient murine or rat cells, and genes located at 
sites of chromosomal translocations in human cancers 
have similar origins (Bishop, 1991; Boyle, 1992; 
Rozengurt, 1992) . These genes commonly called as 
oncogenes (Garrett, 1986) are mutated forms of normal 
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cellular genes, designated protooncagenes (Temin, 1974) 
which are components of the pathways regulating normal 
cellular proliferation and differentiation. (Schmandt 
and Mills, 1993). There are principally two sets of 
oncogenes in the cell- those acting in the nucleus, and 
those acting in the cytoplasm. The most thoroughly 
studied cytoplasmic oncogene is the family of ras, 
which is probably involved in over 307. of human cancer 
(Ramel, 1991). The product of ras (p21 ) functions as 
a GTPase in combination with other proteins, such as 
GTPase-activating proteins, GAP. This process, implies 
an amplification of the trans-membrane signals that 
control cell proliferation and differentiation. Mutant 
ras interrupts the GTP-GDP cycle, causing a 
constitutive signal output (McCormick, 1989). 
Activating mutations in ras are provided bv base 
substitutions in DNA, located mainly in codons 12, 13 
and 61 which coincide with regions for binding between 
p21 and GAP (Khosravi-Far and Der, 1994). Nuclear 
proto-oncogenes on the other hand are activated by 
genetic alterations affecting the expression of the 
genes. A continuous expression of the oncogene mvc has 
been demonstrated in Burkitt's lymphoma as a result of 
translocations of mvc to the vicinity of the promoter 
of immunoglobulin genes (Ramel, 1991). Also, nuclear 
oncogenes are often activated by gene amplification 
causing increased output of the gene product. 
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Another critical molecular target during the 
stages of carcinogenesis are tumor suppressor genes 
(Marshall, 1991). In this instance, the mutational 
alteration of the gene leads to a complete loss of 
function or to a change in function such that its 
activity in suppressing the neoplastic phenotype is 
drastically altered. In the human, the best 
documentation that a tissue -specific neoplasm arises 
as a result of deletion or mutation of both copies of 
the tumor supressor gene is the retinoblastoma 
(Knudsen, 1971). Mutations in p53 tumor suppressor gene 
have now turned out to be the most common genetic 
alterations yet identified in human cancers (Ryberg et. 
al , 1994; Deng et. al., 1994). The genetic alteration of 
a single copy of a tumor suppressor gene may be a 
critical event for the stage of initiation, with 
alteration of the other allele occurring as the 
determinant in the transition from the stage of 
promotion to that of progression. 
Although other potential critical molecular 
targets exist, such as those involved in the cell cycle 
(Nishimoto et. aX ,1992; Kaufmann and Kaufman, 
1993),whose alterations result in neoplasia. What is 
not clear, with few exceptions, are the ultimate number 
and characteristics of critical molecuar alterations 
that absolutely define the malignancy of a cell. Hence, 
the molecular nature of neoplasia and its development 
stand as a continuing challenge to the human intellect. 
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Carcinogenic Effects of Pesticides 
In recent years there has been increasing concern 
that exposure to pesticides may pose a potentially 
serious cancer risk to the general population. The 
currently available data are insufficient to estimate a 
pesticide-related cancer rate for the general 
population. However, a variety of pesticides are known 
to cause cancer in laboratory animals (Blair et. al , 
1990; Hooever and Blair, 1991). In a recent survey of 
47 pesticides evaluated for carcinogenecity, it was 
found that six pesticides (13'/.) were positive in both 
sexes in mice and rats, ten pesticides (217.) were 
positive in both sexes of one species and six 
pesticides (13"/.) were positive in one sex of atleast 
one species (Hooever and Blair, 1991). Of 16 chemicals 
that were positive in both sexes of atleast one 
species, included organochlorine and organophosphate 
insecticides, herbicides, fungicides and fumigants, 
suggesting that no chemical class of pesticides can be 
considered problem free. Similarly, the International 
Agency for Research on Cancer recently reported that 
43'/. of a wide variety of pesticides were carcinogenic 
in humans (Blair et. al., 1990). With pesticides of all 
the variant types showing some evidence of 
carcinogenicity, the concern about human exposure seems 
to be well founded. With regard to mechanisms of 
carcinogenesis, a survey of the genotoxic activities of 
65 pesticides by Garrett et. al_ (1987) revealed that 33 
14 
of the pesticides (54'/.) tested positive, including 
organophosphates, thiocarbamate insecticides, 
pyrethroid insecticides, and a variety of herbicides 
and fungicides. However, some non-genotoxic pesticides 
also may be involved in carcinogenesis via their 
epigenetic properties, such as tumor promotion, 
inhibition of intercellular communication, or induction 
of peroxisome proliferations. 
Substantial amount of epidemiologic data is 
available on the carcinogenicity of pesticides based on 
the persons employed in agricultural or related 
occupation (Weisenburger, 1793). Although farmers 
typically perform many tasks resulting in a variety of 
exposures it is the pesticides that have received the 
most attention. Table II shows the cancers that have 
been associated with occupational exposures to specific 
pesticides or class of pesticides (Blair and Zahm, 
1991). The epidemiologic data linking specific 
pesticide exposures to hematopeitic cancer (i.e., non-
Hodgkin's lymphoma, leukemia and multiple myeloma) are 
the strongest compared to the data on soft tissue 
sarcoma and Hodgkin's disease. Very little is known 
about specific pesticides and cancer of the brain, 
although ovarian carcinoma has been shown to be 
associated with exposure to triazine herbicides (Donna 
et al. 19B9) Neverthless, the leukemia and brain cancer 
in children have also been reported to be associated 
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Table II: High-risk cancers in mortality surveys of farmers 
Type of Cancer No. of 
Studies 
No. of studies 
with RR> 1.0 
Range of 
RRs 
Lip 
Melanoma 
Leukemia 
Non- Hodgkin's 
lymphoma 
Multiple myeloma 
Hodgkin's disease 
Soft tissue sarcoma 
Brain 
Stomach 
Prostate 
9 
12 
21 
21 
16 
13 
9 
20 
23 
24 
9 
8 
12 
11 
12 
10 
6 
15 
12 
17 
1.3 - 3.1 
0.5 - 6.3 
0.3 - 2.0 
0.6 - 2.6 
0.4 - 3.1 
0.6 - 1.5 
0.9 - 1.5 
0.7 - 6.5 
0.5 - 1.7 
0.9 - 2.0 
Abbreviation : RR, risk ratio 
(Blair and Zahm, 1991 ; Hoover and Blair, 1991 
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with parental employment in agriculture and exposure to 
pesticides (Lowengart et. aj., 1987; WilkinS and sinks, 
(1990). Table III shows a list of different types of 
cancer associated with specific pesticide exposures. 
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Table -III Types of cancer associated with specific pesticide 
exposures. 
Cancer Pesticides 
Soft tissue sarcoma and 
lymphoma 
Non-Hodgkin's lymphoma 
Soft tissue sarcoma 
Leukemia 
Lung Carcinoma 
Phenoxyacetic acid herbicides 
(2,4,D, 2,4,5-T), DDT 
Organophosphate and Organochlorine 
insecticides, fumigants 
Chlorophenols, animal insecticides 
Dichlorvos, crotoxyphos, famphur, 
methoxychlor, pyrethrins, DDT, 
chlordane, heptachlor, lindane, 
ethylene oxide 
Organochlorine insecticide (DDT), 
arsenicals 
Ovarian Carcinoma Triazines 
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Immunologic Effects of Pesticides: 
Although there is little evidence to suggest that 
pesticides exposure compromise human health through 
interference with immune system, however, Thomas et. ai. 
(1990) reported that pesticides or pesticide 
contaminants can modulate the immune response in 
experimental animals. Sharma and Kour (1990) suggested 
that contact dermatitis is a common disease caused by 
pesticides and also the asthma-type reactions can be 
triggered by pesticide exposures. Although altered 
immunoglobulin and competent levels and changes in T-
cell populations have been reported in human exposed to 
pesticides (Thomas et. aX> 1990), no adverse health 
effects have been noted. However, impaired neutrophil 
chemotaxis accompanied by an increase in respiratory 
tract infections was correlated with the length of 
occupational exposure to organophosphate pesticides 
(Hermanowicz and Kossman, 1984). Further studies on the 
immunological effects of pesticides in humans are 
needed since depressed immunity is known to predispose 
humans to a variety of cancers, including non-Hodgkin' s 
lymphoma. 
Carcinogenicity Testing System : 
It has become increasingly apparent that the 
traditional methods for identifying carcinogens by 
using long term studies in rodents are unable to meet 
the demands for a quick, sure and inexpensive 
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identification of environmental carcinogens. This led 
to an intensive search for appropriate test systems and 
over the last few decades more than one hundred short-
term assays for mutagenicity have been developed ( 
Ramel , 1991). 
Despite the fact that long-term tests are 
expensive and time consuming they provide considerable 
evidence in estimating the potency of a carcinogen 
(Farmer, 1982). However, there is a problem of 
predicting the response of humans to the carcinogens 
because of the perplexing differential responses 
exhibited by the animal model systems. Therefore, the 
extrapolation of the risk factor from rodents to humans 
could be quite contentious (Ames et_ aX 1987). Short-
term tests (STTs) •'or genotoxicity testing have 
therefore been developed to study the mechanism of 
chemically induced DNA damage and to assess the 
potential genetic hazard of chemicals to humans. The 
most commonly employed short-term tests are chromosome 
aberrations, sister chromatid exchange (SCE), 
mutagenicity assay using mouse lymphoma cells and the 
Ames-microsome test. The chromosomal abberations are 
the manifestation of the deleterious effects that occur 
anywhere in the genome. Because of the difference in 
size between a genome and a gene, the cytogenetic 
effects manifested as gross chromosome aberration occur 
at a much greater frequency than do mutations observed 
at a single locus. This test has provided a very 
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sensitive method for determining, whether or not 
environmental agents can interact with the genetic 
material (Wolff, 1984). SCE method has been widely used 
to detect whether or not a chemical is potentially 
dangerous and which of the metabolites of a 
premutagenic and precarcinogenic agent could be a 
potential candidate to interact with DNA resulting in 
adduction (Wolff, 1984). 
Ashby and Tennant (1988) reported that no 
combination of the STTs is any better than the 
Salmonella test, on its own for flagging probable 
carcinogens. The significance of STTs has increased 
tremendously because of observations that many rodent 
carcinogens have been found to be genotoxic in in, vitro 
STTs (Ames, 1979). The in. vitro STTs have the advantage 
that they can be conducted relatively quickly and 
inexpensively compared to long- term carcinogenicity 
assays with rodents. These short-term tests have 
significantly contributed to the identification of many 
natural mutagens and carcinogens in the human diet 
(Kapadia, 1982). There is a range of applications in 
which STTs have been successfully used for the 
identification of mutagenic fractions in complex 
mixtures such as cooked meat (Hatch et. al_f 1984; 
Sugimura, 1985) or air pollutants (Schuetzle and 
Lewtas, 1986). Nevertheless, there are two impediments 
to a thorough evaluation of the ability of these tests 
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to predict carcinogenicity . For most STTs there is a 
dearth of positive results for documented 
noncarcinogens (Shelby and Stasiewiez, 1784; Kier et. 
aJL, 1786; Ray et. aj., 1787) and statistically 
insignificant number of chemicals had been tested in 
multiple STTs to provide meaningful comparisons of the 
ability of different STTs and STT combinations to 
predict carcinogens. Even with a battery of assays, not 
all rodent carcinogens have been found to be in. vitro 
mutagens nor are all in. vitro mutagens proven as 
rodent carcinogens. Even then STTs do, contribute to 
offer an economical, rapid and dependable means to 
detect genotoxic chemicals (Tennant et. al_, 1787). 
Ames Testing System : 
The Salmonel la mutagenicity test (Ames et. al , 
1775), has been extensively used to survey a variety of 
substances in the environment for their mutagenic 
activities (Ames, 1784). The assay measures back 
mutation in several specially constructed mutants of 
Salmonella typhimurium strains. The method has been 
adapted for use in detecting chemicals which are 
potential human carcinogens or mutagens supplementing 
homogenates of rat liver (S7 fraction) directly to the 
petri-plates, as an approximation of mammalian 
metabolism (Ames et. al_> 1773). The compounds are tested 
on petri-plates with several specially constructed 
mutants of Salmonella typhimurium LT2 type selected 
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for sensitivity and specificity in being reverted from 
a histidine requirement back to prototrophy by a wide 
variety of mutagens (Ames et. al., 1973). These histidine 
requiring mutants have GC base pairs at the critical 
site for reversion e.g. -C-C-C in the base pair 
substitution strain, TA100 (Barnes et. aj^, 1982), -C-C-
C-C-C-C in the frameshift tester strain, TA97a (Levin 
et al, 1982b) and -C-B-C-G-C-G-C-G in the frame shift 
tester strain, TA98 (Isono and Yourno, 1974). However, 
TA102 and TA104 have AT base pairs at the critical site 
for reversion. These strains detect a variety of 
oxidants and other agents as mutagens. (Levin ez_ al . 
1984). 
A new mutagenicity testing system to test a 
chemical with more than one strain simultaneously (the 
"SIMULTEST') has been develped . It involves the jse of 
different Salmonella typhimurium tester strains with 
and without R-plasmid, in combination on the same 
plate. This approach may be useful in reducing the 
workload associated with mutagenicity testing with 
Salmonel la (Nestman et. al., 1987). 
A great deal of controversy is over the popular 
view that synthetic carcinogens are posing a higher 
risk than the natural ones. According to Ames e^ al_ 
(1987) the carcinogenic hazards from current levels of 
pesticide residues or water pollution are likely to be 
of minimal concern relative to the background level of 
natural substances. 
23 
Animal models on the other hand provided valuable 
information related to the mechanism of carcinogenesis 
(Harris, 1985; Hay, 1988). Extrapolation of this 
information from experimental animals to humans however 
remains a problematic endeavour. Most scientific 
workers consider the qualitative extrapolation to be 
accurate, i.e., a chemical , carcinogenic in 
experimental animals is likely to be carcinogenic in 
humans. Although there is a positive association 
between adduct levels and tumor initiating potency in 
many but not all studies using animal models (Wogan and 
Gorlick, 1985), it is not known whether such 
association exists in human carcingenesis (Harris, 
1985). Lifetime carcinogenicity studies will still be 
needed for those non- genotoxic carcinogens that are 
tissue, sex, species specific in contrast to the 
genotoxic carcinogens that cause tumors in different 
species at multiple sites. The latter will need only a 
limited bioassay (Hay, 1988). A study on mutagenic 
and non-mutagenic rodent carcinogens shows that the 
tested carcinogens in rats are potentially mutagenic 
in S_i_ typhimurium compared to their non-mutagenic 
counterparts (Rosenkranz, and Ennever, 1990). 
DNA Repair in Prokaryotes 
DNA is the primary carrier of genetic information 
and the structural integrity of DNA is a prerequisite 
for gene expression (Modak, 1972). It is a known fact 
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that the primary structure of DNA is dynamic and 
subject to a constant change (Friedberg, 1785). 
Ionizing and UV-radiations as well as a multitude of 
other chemical agents upset the genetic and metabolic 
machinery of the living system. That would perhaps 
render our planet barren were it not subjected to the 
constant cellular monitoring and repair. Moreover, the 
contemporary global environment also posed a continual 
threat to the hereditary material. The living systems 
have therefore evolved repair processes to maintain 
structural and functional fidelity of DNA against a 
large range of insult (Friedberg, 1985). The molecular 
mechanisms involved in repair of damaged portions of 
DNA and their restriction into functionally intact 
informational units is fundamental to the maintenance 
of the genomic integrity (Modak, 1972). Defective DNA 
repair could cause an accumulation of lesions or 
mutations which might be either lethal, lead to an 
altered phenotype, or neoplastic transformation. Repair 
at the cellular and macromolecular level is multiple in 
its form and varies as a function of the cell cycle 
(Hart et. al, 1979) . 
A great deal of research has been directed towards 
gaining new insights into the mechanistic regulation of 
repair machinery in Escherichia coli. The physiological 
studies on the recovery from DNA damage have 
established the existence of DNA repair pathways. 
Moveover, the genetic studies have identified a large 
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number of genes participating in the repair of damaged 
DNA (Walker, 1985). 
The earliest suggestion on recovery of bacteia 
after exposure to ultraviolet (UV) light was made by 
Hollaender and Curtis in 1935. Later, Kelner (1949) 
observed that exposure of UV-irradiated bacteria to 
visible light reversed the killing and mutagenic effect 
of UV light and coined the term, 'photo-reactivation'. 
The isolation of an E.coli by Hill (1958) provided the 
first evidence on genetic control of radiation 
sensitivity . Setlow and Carrier (1964) and Boyce and 
Howard-Flanders (1964) independently demonstrated that 
UV-induced thymine dimers in bacterial DNA were not 
excised in a UV-sensitive strain but were excised in 
the wild type strain. This suggested that excision of 
thymine dimers from bacterial DNA may be important for 
cell survival and that it is genetically controlled. 
Further, the same repair system has been shown to 
operate on the damage induced in DNA by carcinogens, 
mutagens and other hazardous chemicals ( Seeberg, 1981; 
Friedberg, 1985). The foregoing developments paved the 
way for the systematic study of DNA repair mechanism in 
prokaryotes and thus led to the discovery of additional 
repair systems. The following repair systems have been 
shown to be existing in bacteria. 
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Photoreactivation : 
The simplest class of repair pathway is 
photoreactivation that directly rectifies the cyclo-
butane type pyrimidine dimers in UV-irradiated DNA 
without the formation of new phosphodiester bonds 
(Walker ejt al_, 1985). This type of recovery process 
requires the exposure of cell to visible light. It was 
the first system to be observed iri. vitro (Rupert et. al. 
1958) and was the first to be characterized with regard 
to mechanism (Rupert, 1962). 
Photoreactivation is a universal phenomenon 
because it is known to occur in E.. col i , yeast and 
possibly in higher animals and plants. (Schild et_ al, 
1984). 
Excision Repair : 
An important mechanism for cell survival after UV-
irradiation depends upon the release or excision of 
pyrimidine dimers from the DNA by excision enzymes, and 
the subsequent reconstruction of the double helix by 
repair enzymes that trjake use of the intact opposite 
strand as template. Excision repair appears to be a 
significant source of DNA repair virtually in all 
organisms (Walker et. al_, 1985). UV-induced damage in 
cellular DNA is also repaired in the dark by excision 
repair system. Mechanism of repair of DNA by excision 
has been studied extensively using mutants of E. coli 
sensitive to ultraviolet radiations (Setlow and 
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Carrier, 1964; Boyce and Howard-Flanders, 1964). Two 
basic types of excision repair have been described in 
bacteria (van Houten, 1990). One system, base excision 
repair, removes smaller types of base damage, such 
lesions caused by ionizing radiation or monofunctional 
alkylating agents. Another system, nucleotide excision 
repair, removes bulky DNA adducts of which the UV-
induced pyrimidine dimer is the prototype (Bohr, 1991). 
The basic steps involved in excision repair includes 
(i) pre-incision recognition of DNA damage, (ii) 
incision of the damaged DNA strand near the defect, 
(iii) excision of the defective site with concomitant 
degradation of the excised DNA strand (iv) replication 
of a repair patch to replace the excised strand with 
the opposite intact strand being used as a template and 
(v) ligation of the repair patch at its 3" end. The 
resulting patch in nucleotide excision repair is much 
larger (20-100 bases) than in base excision repair (1-5 
bases) (Bohr, 1991). 
Although some of the enzymes involved in 
prokaryotic DNA repair have been characterized, their 
mammalian counterparts are less well described. Two 
prokaryotic enzymes, T4 endonuclease V and uvrABC 
excinuc lease, play roles in the excision pathways of E.. 
coli and have proven particularly useful in the study 
of gene-specific repair. The T4 endonuclease V, which 
recognizes cyclobutane pyrimidine dimers, has both DNA 
glycosylase and Ap endonuclease activities resulting in 
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a single-stranded nick in DNA at the site of a 
pyrimidine dimer (Bohr et. al., 1985). The E_;^  coli ABC 
excinuclease, encoded by the uvrA, uvrB and uvrC genes, 
recognizes a wide range of bulky DNA adducts. These 
proteins act in concert to accomplish the first three 
steps of excision repair i.e. recognition, incision and 
excision. This complex enzyme has also been used in 
gene specific repair studies because the damage formed 
by several environmental and chemotherapeutic agents, 
including cisplatin, polycylic aromatic hydrocarbons, 
mitomycin C and psoralen, can be recognized by the 
enzyme (Thomas et. al^, 1988). 
Post Replication Recombinational Repair : 
The DNA lesions, especially UV-induced pyrimidine 
dimers that are neither split photoenzymatically nor 
removed from DNA by excision repair, block the 
continuous progress of the DNA replication fork. 
However, they do not prevent the re-initiation of DNA 
synthesis at a point beyond the dimer (Rupp and Howard-
Flanders, 1968). As a result, gaps are produced in the 
daughter strand opposite the lesions. The continuity of 
daughter strand is interrupted by gaps of about 1000 
nucleotides (Howard-Flanders, 1968; Iyer and Rupp, 
1971; Benbow et. al_, 1974). This type of enzymatic DNA 
repair by which the molecular weight of the newly 
synthesized strand increases is called post replication 
repair. This was first demonstrated in E. coli by Rupp 
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and Howard-Flanders (1768). In excision deficient uvr 
mutants that are otherwise normal, the major mechanism 
of post replication repair is recombinational , 
requiring the activity of rec genes.( Howard-Flanders 
et al, 1781). The most fascinating property of the RecA 
protein of Escherichia coli is its ability to form 
filaments with nucleic acid (Flory and Radding, 1782; 
Dunn et. aX, 1782). These filaments interact with linear 
DNA molecules and exhibit end-joining activity 
(Register and Griffith, 1786). The RecA protein also 
plays an important role in SOS induced targeted 
mutagenesis in addition to its recombinations and 
regulatory roles (Walker, 1784). 
Recently, Lu ejt aJL. (1786) have proposed a model 
for targeted mutagenesis. According to this model (i) 
RecA protein should bind more effectively to UV-
irradiated double stranded DNA than to un-irradiated 
DNA (ii) RecA should inhibit the 3'-5' activity of the 
isolated £ subunit of DNA polymerase III. 
Inducible Error Prone (SOS) Repair : 
The term 'SOS' (international distress signal) 
implied to an error prone repair, is induced under 
enormously stressed condition of growth as a last 
resort to the survival of cells. The existence of 
'SOS'network was clearly postulated by Defais et. ai. 
(1771) and was further developed and amplified by 
Radman (1774, 1775) and Witkin (1776). The exposure of 
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E. coli to the agents that damage DNA or interfere with 
DNA replication results in the induction of a diverse 
set of physiological responses called "SOS' response. 
+ + 
It requires recA and lexA genotypes of host (Muira 
and Tomizawa, 1968; Defais et. ai., 1971).'SOS' repair is 
a highly integrated and sophisticated regulatory 
network that requires de. novo protein synthesis for 
expression (Kovel, 1986). It is an inducible repair 
process and is believed to be responsible for common 
mutagenic pathways (Radman, 1974, Witkin, 1976; Walker, 
1985). In response to DNA damage calling for the SOS 
repair, DNA repair systems in Ej_ coli are activated, 
cell division is altered, integrated viruses ars 
induced and respiration is blocked (Witkin, 1976; 
Little and Mount, 1982). 
Several bacterial genes have been identified which 
coordinately function in 'SOS' repair. These are uvrA 
and uvrB (DNA repair), umuC (mutagenesis), sfiA 
(filamentation), himA (site specific recombination) and 
several din genes with known functions in additon to 
the recA and lexA genes (Witkin, 1976;Kenyon, 1983). 
Role of recBC and recN genes has also been suggested in 
'SOS' induction (Chaudhury and Smith, 1985; Finch et. 
al, 1985). 
The recA and lexA genes are the regulators which 
control "SOS" response. Under normal conditons, LexA 
protein represses the subordinate genes of the system 
31 
and RecA protein derepresses these loci in response to 
DNA damage (Kenyon, 1983). LexA protein is a self 
repressor and also binds to similar operator sequences 
in each gene (Little et. BI_, 1981; Sancar et. aj., 1982; 
Little, 1984). During 'SOS' induction, the LexA 
repressor is cleaved between ala-gly bond by the second 
regulator, the RecA protein (Little 1984). RecA protein 
if 
acquires a specific protease activty to form RecA when 
it interacts with intracellular molecule that results 
from certain type of DNA damage and therefore, RecA 
protein is considered to play a key role in the 
induction of 'SOS' response (Radman, 1975; Takahashi et_ 
al , 1986) . 
The "SOS' response is transient and thus following 
DNA repair and removal of inducing stimulus (i) RecA 
protein loses its protease activity, (ii) level of LexA 
repressor rises and (iii) repression of the SOS genes 
resume (Brent and Ptashna, 1981; Little et, al., 1981; 
Sancar et. aX, 1982). 
The accumulation of certain deoxynucleotide 
monophosphates and a high level induction of recA gene 
expression have been suggested to stimulate the "SOS' 
repair (Gottesman, 1981). Moreover, Salles et. al_ (1983) 
reported the full amplification of RecA protein without 
any amplification of other single strand binding 
proteins under 'SOS' inducing conditions. Bebenek and 
Janion (1985) proposed the possible role of mismatch 
repair also in the induction of 'SOS'. 
32 
Mutagenesis resulting from'SOS' processing of 
damaged DNA template is targeted and is not due to the 
induction of some random mutator activity (niller, 
1783; Walker, 1984). Radman (1974, 1975) suggested that 
the appearance of mutation during "SOS' processing may 
be due to the inducible infidelity of DNA replication, 
because pyrimidine dimers were found to block the chain 
elongation by purified DNA polymerase I and III on UV-
irradiated DNA template. Subsequent studies revealed 
the involvement of inducible inhibition of proof 
reading (3'-5' exonuclease) activity of DNA polymerases 
.(Radman et. ai, 1977; Boiteux et. aj^, 1978; Villani et. 
al. 1978). Moreover, the lexA dependent conversion 
involving the £ subunit of DNA polymerase III 
holoenzyme to 'SOS' polymerase has also been postulated 
(Scheuermann et. aX, 1963; Piechocki et. aJL, 1986). Lu eX. 
al (1986) infact, have demonstrated the recA mediated 
inhibition of 3'-5' nuclease activity of isolated £ 
subunit of DNA polymerase III and was suggested to be 
responsible for targeted mutagenesis. 
Gene Specific DNA Repair: 
Recent studies demonstrated that in several 
biological systems, the DNA repair processes are 
heterogeneous within the genome (Bohr, 1991). It has 
been reported that active genes are preferentially 
repaired in hamster (Bchr et. aJL ,1985) and human cells 
(Mellon et. al_. 1986) after exposure to UV radiation. 
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This heterogeneity is further extended to a strand bias 
of DNA repair after UV exposure and has been 
experimentally proved that the transcribed strand is 
repaired much more efficiently than the nontranscribed 
strand (Mellon et. al, 1987; Stevnsner and Bohr, 1993). 
The first study of gene specific repair in heritable 
disorder Xeroderma pigmentosum (XP) group 6 cells 
revealed 10-307. repair in the dihydrofolate reductase 
(DHFR) gene in XP4R0 strain (Bohr et. aJL, 19B6a). 
Recently, Venema et. al_ (1990) reported that adenosine 
deaminase and DHFR genes were preferentially repaired 
in XP-C fibroblasts from individuals XPITE and XP 
21R0. The strand bias of the repair in these genes in 
XP-C (XPITE) cells has also been analyzed (Venema et. 
al, 1991). 
Preferential DNA repair is a general feature in 
many biological systems. It has been observed in 
various mammalian cell lines, in fish, yeast (Terlleth 
et al , 1989) and in E^. coli (Mellon and Hanawalt, 
1989). Its occurrence in bacteria suggests that the 
preferential DNA repair of active genes is not 
dependent upon chromatin structure. Studies on the fine 
structure of DNA repair of UV damage in the hamster 
DHFR gene suggest that the region of the preferential 
repair could be larger than the size of the gene. 
Characterization of a DNA repair domain containing the 
DHFR gene in CHO cells indicated the size of the domain 
in the range of 60 -80 Kb (Bohr et. JLL. I'^ BA.b) . Since 
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this is the size of the higher -order structures in 
chromatin, it is possible that DNA repair is regulated 
within such chromatin loops. One parameter to consider 
is the degree of genomic demethylation. There are very 
few studies on the relation of DNA repair to genomic 
methylation patterns, at the gene level showing that 
genomic demethylation could affect the pattern repair 
in the hamster DHFR domain . 
Several studies have demonstrated that the 
efficiency of repair in a gene also correlates to its 
transcriptional activity, as in the case of the hamster 
and human metallothionein genes and can be blocked by 
the transcription inhibitors . Moreover, with respect 
to repair, different genomic regions have been 
categorized from the lowest to the highest repair 
efficiency as follows (i) the inactive genomic DNA , 
(ii) the inactive genes that are turned off early in 
development, (iii) the structural genes that are 
capable of transcription at certain times in 
metabolism, (iv) the essential genes that are always 
active but at a low level of transcription and finally 
(v) an active gene transcribed at a high rate. This 
categorization is obviously speculative and needs to be 
explored (Bohr, 1991). 
In view of the present literature we have 
undertaken this study ta determine the mutagenic and 
genotoxic potential of four pesticides viz captan, 
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foltaf, phosphamidon and furadan. 
The major objectives were as follows:-
(1) Screening of the pesticides for mutagenicity by 
means of Ames testing system. (Plate incorporation 
assay) . 
(2) The effect of the pesticides on the survival of 
SOS repair defective strains of E.. col i K-12. 
36 
CHAPTER - II 
GENERAL MATERIALS AND METHODS 
Table IV: The Salmonella typhimurium and Escherichia coli strains 
used in this study have been tabulated as under : 
Strain 
designation 
Relevant genetic markers Source 
Ames Strains 
TA97a 
TA98 
TA100 
TA102 
TA104 
uvrB. hisD6610, bio, rfa. 
R-factor plasmid-pkMlBi 
urvB. hi5D5052. bio, rfa. 
R-factor plasmid-pkH101 
uvrB. hi5G46. bio, rfa. 
R-factor plasmid-pkM101 
uvrB. hi5G428. bio, rfa 
R-factor plasmid-pkM101 
multicopy plasmid-pAQl 
uvrB, hi5G42B. rfa. 
R-factor plasmid-pkM101 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
Ames, B.N. 
E. coli K-i2 strains 
AB1157 
AB2463 
AB2494 
AB2470 
KL400 
KL 403 
MM159 
thi-1. arqE3. thr-1. 
1euB6. ProA2. hisG4. 
lacYl. F-, Str' . A'^ 
recA13. thi-1. argE3» 
thr—1. leuBd). proA2. 
hisG4. F-, StrPr~^ 
lexA. thi-1. thi-1. leuB6. 
proA2. hisG4, metB. lacYl. 
F-, Str-, A"' 
thr-1. leuB6. lacYl. 
^, bisG4. recB21. 
arqE—. thi-1. 
thi-1. leuB6. proC32. 
hi5FB60. thvA54. lacZ36. 
5trA109. A . 
leuB6. lacZ36. DrDC32. 
^ , hisF860. thvA54. 
polAl. thi-i 
qalK2./f-. raaL200. 
ijvrAi57. IN (rrnD-rrnE)l 
Howard-Flanders,P, 
Howard-F1anders,P. 
Howard-F1anders,P. 
Howard-Flanders,P. 
K.B.Law laboratory, 
K.B.Low laboratory 
Meselson, M. 
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METHODS 
Maintenance and growth of bacteria : Each strain of 
Salmonella typhimurium was streaked over master plate. 
A single colony was picked up, grown in minimal medium 
and repurified by streaking over fresh master plate. 
Likewise each strain of E.coli was streaked over 
nutrient agar plates. A single colony was picked up and 
repurified by streaking over agar plates. The culture 
was tested on the basis of associated genetic markers 
raising it from a single colony from the master plate. 
Having satisfied with the test clone the culture was 
raised and streaked over minimal and nutrient agar 
slants. It was then allowed to grow over night at Zl'C 
and stored at 4°C. Every month, cultures were 
transferred over fresh slants with TA102 strain as an 
exception. It was transferred after every 15 days. 
Stabs were prepared for longer storage. 
Overnight culture of S_^  typhimurium strains were 
used as such for experiments. Overnight culture of 
E.coli strains were raised in nutrient broth at 37'C 
The culture was diluted fifty times in fresh broth 
followed by shaking at 37'C till the cell density 
8 ~1 
reached to about 2 x 10 viable counts ml . Such 
exponential cultures were used in all the experiments. 
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Media 
Media far Ames Strains : 
Medium for master plates and slants : The composition of the 
medium for Ames tester strains to prepare master plates and 
slants is as under: 
Sterile 50X VB Salts 20 ml 
Sterile agar 15 g per 910 ml 
Sterile 407. glucose 50 ml 
Sterile histidine HCI.H2O 10 ml 
(2 g per 400 ml H2O) 
Sterile 0.5mM biotin 6 ml 
Sterile ampicillin solution 3.15 ml 
(a mg/ml 0.02 N NaOH) 
Sterile tetracycline solution 0.25 ml 
(8 mg/ml 0.02 N HCl) 
The above components were mixed with the molten agar to 
prepare the plates. Tetracycline was added only for use with 
TA102 which is tetracycline resistant. 
Stock solution of VB salts (IX) was prepared using the 
following ingredients : 
MgSD4.7H20 0.2 g/1 
Citric acid monohydrate 0.2 g/1 
K2HPO4 (anhydrous) 10.0 g/1 
NaHNH4Pa4.4H20 3.4 g/1 
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The salts were added in the order indicated to warm 
distilled water and each salt was allowed to dissolve 
completely before adding the next. The solution was then 
autoclaved for 20 min. at 121"C. 
Minimal glucose plates for mutagenicity assay : 
Sterile VB salts 20 ml 
Sterile 407, glucose 50 ml 
Sterile agar 15 g/930 ml 
distilled water 
The above components were mixed with the molten agar 
and poured atleast 30 ml in each plate. 
Top agar for mutagenicity assay : The top agar contained 
0.67. Difco agar and 0.57. NaCl. At the time of experiment 
i0ml of sterile solution of 0.5 mM histidine.HCl and 0.5 mM 
biotin was added to the molten agar and mixed thoroughly by 
swirling. 
0.5 mM histine/biotin solution for mutagenicity assay : 
D-Biotin 30.9 mg 
L-Histidine HCl 24.0 mg 
Distilled water 250 ml 
Dissolved biotin by heating the water to the boiling 
point and mixed histidine to it. Autoclaved for 20 minutes 
at 121'C. 
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Media far E.coli K-12 strains : 
Nutrient broth (13g/l): Nutrient broth had the following 
composition. 
Peptone 5 g/1 
NaCl 5 g/1 
Beef extract 1.5 g/1 
Yeast extract 1.5 g/1 
pH (approx.) 7.4 + 0.2 
Nutrient agar (Hard agar) : 
Nutrient broth 13 g/1 
(Hi media) 
Agar powder 15 g/1 
(Hi media) 
Buffers 
MgS04.7H20 solution (B.BIM) : For all dilution, 0.31M MgS04 
solution was used. 
B.2 M sodium phosphate buffer, pH 7.4 : 
NaH2P04.H20 13.8 g 
Na2HP04 14.2 g 
Distilled water 500 ml 
Adjusted the pH to 7.4 and then sterilized it at 121'C 
for 20 minutes. 
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CHEMICALS 
The fallowing chemicals were used : 
Chemicals 
Agar Powder 
Ampicil1 in 
Biotin 
Chloramphenicol 
Dimethyl sulphoxide 
Dipotassium hydrogen phosphate 
Disodium hydrogen phosphate 
D-glucose 
Histidine monohydrochloride 
Hydrochloric acid 
Magnesium sulphate 
Nutrient agar 
Sodium ammonium phosphate 
Sodium chloride 
Sodium hydoxide 
Tetracycline 
Source 
Hi-Media, India 
Ranbaxy, India 
Hi-Media, India 
Biochem Pharmaceutical 
Industries, India 
s.d. fine chemicals, India 
Qualigens, India 
Sarabhai Chemicals, India 
s.d. fine chemicals, India 
CDH, India 
s.d. fine chemicals, India 
s.d. fine chemicals, India 
Hi-Media, India 
E. Merck, Germany 
s.d. fine chemicals, India 
Qualigens, India 
IDPL, India 
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structure and chemical composition of the pesticides used: 
Pesticides Source 
Captan 3a, 4, 7, 7a Tetra-
hydra-2- C(trichloromethyl) 
thio]- 1 H - isoindole -1-3 
(2H) - dione !I N - (tri-
chloromethyl thio)-4 cyclo-
hexene-1, 2-dicarboximide. 
Rallis Agrochemicals 
Research Station, 
Banglore 
—S —CCi 
(2) Foltaf : 3a , 4, 7, 7a -
Tetrahydro-2-C(1,1,2,2 
Tetrachloroethy1) thiol] -
1 H -isoindole - 1, 3 (2H) -
dione, ;! N - (1, 1, 2, 2 -
tetrachloroethyl thio) - 4 -
cyclohexane - 1, 2 dicarbo -
ximide; ;; Difolaton. 
Rallis Agrochemical 
Research Station, 
Banglore. 
CHCk: 
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3. Furadan : 2, 3 - Dihydro-2, 
2 - dimethyl - 7 
methylcarbamate; 
carbamic acid 2, 
2, 2 - dimethyl -
furanyl ester. 
benzofuranol 
:! methyl 
3 - dihydro • 
7 - benzo 
Rallis India Ltd. 
Agrochemical Division 
(Maharashtra) 
O.CO-NHCH 
Phosphamidon : Dimecron ; ; 
2 - chloro - N, N diethyl 
3 hydroxycrotonamide dimethyl 
phosphate. 
Hindustan Ciba Geigy 
o 
CHjO II 
CHjO / 
0 
CH3 
I 
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o 
11 
c N 
CzHs 
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CHAPTER - lil 
MUTAGENICITY ASSAY 
MUTAGENICITY ASSAY 
INTRODUCTION 
There is considerable evidence that a large 
proportion of human cancer may be caused by exposure to 
toxic chemicals in the environment, very few of which 
have been tested for carcinogenicity or mutagenicity. A 
program of cancer prevention aimed at identifying and 
eliminating human exposure to hazardous chemicals 
requires the development of rapid, inexpensive, long-
term animal tests, to pinpoint dangerous chemicals 
among the thousands to which humans are exposed. 
The Salmonella/microsome mutagenicity test, 
relating mutagenicity to the number of revertant 
colonies, has been sufficiently developed and validated 
to be seriously considered for widespread use in this 
way (Ames, 1971; Ames et. al, 1973; McCann et al_, 1975; 
van der Hoeven e^ . ajL., 1990). The evidence accumulated 
so far indicates that with a few exceptions, 
carcinogens are mutagens (Ames et. a_l.j 1973; Flessel et. 
al. 1987; Zeiger, 1987). It thus supports the 
desirability of using this type of rapid and economical 
test system as a screening technique (Ames, 1971; Ames 
et al. 1973). The work embodied in this chapter was 
therefore, designed to screen the available pesticides 
for their potential mutagenic and carcinogenic 
behaviour employing the Ames testing system. 
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Methods 
Bacteria, pesticides and media are listed in 
Chapter II. All the media were freshly prepared. Plate 
incorporation assay was routinely performed for testing 
the mutagenicity of the pesticides. 
Plate incorporation assay : This test was 
performed by combining the pesticide, the bacterial 
tester strain and 0.2M phosphate buffer (pH 7.4) in 
soft agar which was poured onto a minimal agar plate. 
Positive and negative controls were also included in 
each assay. After incubation at ZVC for 48 hours, 
revertant colonies were counted and the mutation 
frequency calculated by subtracting the spontaneous 
reversions from the induced reversions. 
Routine examination of the bacterial background 
lawn resulting from the trace amount of histidine added 
to the top agar aided in determining the toxicity of 
the test chemicals and in the interpretation of 
results. 
RESULTS 
Assessment of the mutagenic potential of certain 
pesticides 
Mutagenicity of captan: 
Mutagenicity of four different pesticides viz 
captan, foltaf, phosphamidon and furadan have been 
evaluated employing Ames salmonella tester strains. 
Fig. 1 shows a dose dependent increase in the mutagenic 
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Fig. 1. Dose response curves of captan (-S9) with Ames 
tester strains. 
TA 97 a ( ); TA 98 ( - j — ); TA 100 (-^- ) ; 
TA 102 (-X-); TA 104 (-Q") . 
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response of captan with five different histidine 
mutants. At concentration range of 0- 1.5^g/plate, a 
considerable increase in the number of his revertants 
was observed with a certain degree of variability 
depending upon the sensitivity of the strain. The total 
number of induced revertants as shown in fig. 1 have 
been obtained after subtracting the spontaneous 
revertants. The results indicate that the tester strain 
TA104, TA97a and TA100 are maximally sensitive compared 
to TA102 and TA78 at a concentration of 1.0;jg/plate. A 
higher dose of captan i.e. 1.5_^g/plate was invariably 
found to be toxic to all the tested strains. At this 
concentration, a sharp decline in the dose response 
curve of TA104, corresponding to 987. decrease in the 
number of revertants, was clearly observed. The maximum 
mutagenic response was seen at a plate concentration of 
l.B^g/plate captan, in the following order of 
sensitivity: TA104> TA77a> TA100 > TA102 and TA98. 
Interestingly, a 2-4 fold decrease in the mutagenic 
response of his mutants was noticed in the similar 
concentration range in presence of S9 mix (Fig. 2). 
Mutagenicity of foltaf: 
The mutagenic response of foltaf, evaluated in 
concentration range of 0-2.5 ^ g/ plate, is shown in 
Fig. 3. The results show that the maximum number of 
revertants were produced with TA102 and TA77a at a dose 
of 1.0jjg/ plate. Any further increase in the dose of 
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Fig. 2. Dose response curves of captan (+S9) with Ames 
tester strains. 
TA 97 a(-*-); TA 98 (-H); TA 100 {^); TA 102 (-D-) ; 
TA.104 (-H- ). 
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Fig. 3. Dose response curves of foltaf (~S9) with Ames 
tester strains. 
TA 97 a(-»-); TA 100 (-1—); TA 102 (-O-) ; TA 104 (-^ -] . 
TA 98 (Not mutagenic). 
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foltaf resulted in decreased survival of the bacteria 
except strain TA104 which has exhibited a concentration 
dependent increase in the number of revertants upto the 
level of i. 5)jg/plate. There after, a sharp decline in 
the mutagenicity curve was observed, most probably due 
to the toxic effect of the pesticide. No significant 
induction in the mutagenic response in TA78 was 
noticed. The maximum number of revertants, induced by 
foltaf at a concentration of Ijjg/plate in different 
tester strains were in the fallowing sequence: TA102 > 
TA97a> TA104> TA10IZ) and TA78. 
Mutagenicity of phosphamidon 
Fig.4 shows the mutagenicity profile of 
phosphamidon in a concentration range of 0-i0^g/plate. 
A linear dose dependent mutagenic response was observed 
upto a concentration of 7.5 ^pg/plate in the following 
order of sensitivity;TA100> TA104 > TA97a > TA102 and 
TA98. Further increase in dosage to 10^g/plate resulted 
in reduced survival of the bacterial strains. The 
strain TA9a was found to be least sensitive and 
produced the lowest number of revertants even at the 
optimum plate concentration of 7.5^g which is causing 
maximum induction of mutagenicity in other tester 
strains. 
Mutagenicity of furadan 
Fig. 5 shows the mutagenic response exhibited by 
furadan at a concentration range of 0-30pg/plate. A 
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Fig. 4. Dose response curves of phosphamidon (-S9) with 
Ames tester strains. 
TA 97 a ( — ) ; TA 98 (-X-) ; TA 100 {-\-) ; TA 102 (-O-): 
TA 104 (^^) . 
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Fig. 5. Dose response curves of furadan (-S9) with Ames 
tester strains. 
TA 97 a (-»-); TA 98 (-+-); TA 100 (-^ ) ; TA 102 ( — > ^ ); 
TA 104 (—a—). 
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significantly high level of mutagenic response was seen 
in strain TA1(Z)4 producing the highest number, 422 
revertants/plate at concentration of 5;jg/plate followed 
by TA102 (85 revertants/plate).Other strains including 
TA97a, TA100 and TA98 did not exhibit any significant 
increase in the reversion frequency. The results also 
indicate that an increase in amount of furadan beyond 
5ijg resulted in a remarkable decrease in the viability 
of the bacterial strains. 
Discussion 
The Salmonella test was first validated in a study 
of 300 chemicals most of which were known carcinogens 
(McCann ejt aJL. 1975; licCann and Ames, 1976; McCann and 
Ames 1977). It was subsequently employed in other 
studies by the Imperial Chemical Industries (Purchase 
et al. 1976), and the International Agency for Research 
on Cancer (Bartsch et. ai., 1980). Nearly 90"/. of the 
carcinogens tested were found to be mutagenic in these 
studies, but there was considerable overlapping of 
chemicals tested. It is customary to define the 
compound as negative if none of the tester strains 
responds with and without metabolic activation upto the 
limit of toxicity not exceeding to 5ng/plate 
concentration (deSerres and Ashby, 1981; Dyrby and 
Ingvardsen, 1983). An increase in the number of 
colonies (over the number of spontaneous background 
revertants) indicates that the chemical is mutagenic 
while the number of revertant colonies provides an 
index of the mutagenic activity of the sample (deSerres 
and Ashby, 1981; Levin et. aj., 1984; Flessel e^ al, 
1987). Our results indicated an invariable increase in 
number of revertant colonies with all the pesticides 
viz. captan, furadan, foltaf and phosphamidon. Moreover 
all the pesticides exhibited a remarkable degree of 
mutagenicity with TA97a, TA1(Z)0, TA104 and TA102. 
Table V, shows the relevant genetic and 
biochemical markers of the Ames tester strains. All the 
strains carry the pKM101 plasmid which is believed to 
enhance the error—prone repair process (Shanabruch and 
Walker, 1980; Levin et. aJL. 1982a). TA97a strain has 
been recommended for detecting frameshift mutagens 
(Levin et. al, 1982a), whereas TA102 is known to detect 
the oxidative mutagens (Levin et. al, 1984). TA97a, TA98 
and TA100 tester strains contain G-C base pairs at the 
critical site for reversion (Isono and Yourno, 1974; 
Barnes et. al., 1982; Levin et, al_, 1982a). With regard to 
the individual difference among the G-C specific 
mutants, TA97a, TA98 and TA100, the first two strains 
are the frameshift type while TA100 is the base-pair 
substitution mutant (Isono and Yourno, 1974, Barnes et. 
al. 1982). The tester strain, TA102, is proficient in 
the excision repair machinery but carries a mutation in 
his G428 gene on the multicopy plasmid, pAQl. On the 
contrary, TA104 carries the same mutation on the 
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Table V: Relevant genetic and biochemical markers 
of Ames Strains. 
S.NO Markers TA97a TA98 TA100 TA102 TA104 
1. Type of mutation Frame-
shift 
Frame-
shift 
Base 
pair 
substi 
tution 
Transi-
tion 
Transi-
tion 
2. Location of 
mutation in 
histidine gene 
his012A2 
3. Excision-repair Auvrb 
hi5D3052 hi5G46 
^uvrb Auvrb 
hisG^28 
Ochre 
mutation 
on a 
multicopy 
plasmid 
pAQl 
uvrb 
Proficient 
hisG428 
on the 
chroao-
some 
extra 
Auvrb 
4 . Loss of p o l y -
sacchar ide 
layer ( r f a ) 
r f a r f a r f a r f a r f a 
5. R- fac tor p lasmid pkri l01 pkni01 pkr i l01 pkn iB l pkI1101 
Base-pai r a t 
the s i t e o f 
r eve rs i on 
GC GC GC AT AT 
7. Antibiotic 
resistence 
Amp Amp Amp Amp 
Tet'' 
Amp 
Spontaneous 
reversion 
frequency 
90-180 30-50 120-200 240-320 350-^75 
Replacement of 
the strains 
TA1537 TA1538 TA1535 
Symbols : A - deletion 
r - resistent 
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chromosome but carries a defective excision repair 
gene, uvrB which obviously diverts the repair towards 
the errorprone side and thus changes the mutagenic 
activity of the compound (Levin e^ al_» 1982b). In view 
of our findings, it is noteworthy that the pesticides 
act on the A-T base pair mutants TAi04 and TA102 in 
addition to TA97a and TA100 having G-C base pairs at 
the site of mutation. However, the pesticide, captan 
seems to revert the frameshift tester strain, TA97a, 
more efficiently as compared to base-pair and 
transition mutants. 
We have then, concentrated our studies on four 
pesticides. Quantitative Ames testing revealed that the 
tester strains, TA97a, TAi00, TA102, TA104 were 
responsive (Fig. 1,2,3,4 and 5). TA104 happened to be 
the most responsive. In view of the present findings it 
is clear that the pesticide treatment brought about a 
transition mutation owing to the error prone repair of 
the damaged cell. This idea gains further support by 
the relatively strong mutagenic response of the test 
compound on the uvrB defective TA 104 strain. 
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CHAPTER - IV 
GEiNOTOXICITY ASSAY 
Genotoxocity Assay 
Introduction 
Various physical and chemical environmental agents 
have been shown to damage cellular DNA in. vivo. The 
capacity of a system to repair such damage is basic to 
the ability of an organism to withstand the biological 
consequences of environmental stress. Correctly 
repaired, genetic damage has little effect on the 
biological function of a system. Studies on 
microorganisms, mammmalian and plant cells have shown 
that DNA damage results in change in the physiological 
processes such as growth, division, transcription of 
DNA, cell death, mutation and induction of 
transformation (Elkind and Whitmore, 1967; Price and 
Makinodon, 1973; Lohman and Bootsma, 1974). 
E.coli responds to DNA damage with the expression 
of a set of functions usually termed as SOS response. 
This includes the induction of a transitory mutagenic 
DNA repair system, the activation of inducible prophage 
and of several other functions involved in cell 
division and DNA metabolism (Radman, 1974; Witkin, 
1976). 
The work embodied in this chapter was therefore 
planned to estimate the extent of injury produced, to 
understand the mutagenic behaviour and the mode of 
interaction of pesticides with DNA. 
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Our contention was that SOS defective strains of 
E.coli K-12 might serve as a convenient model for this 
purpose because even a slight change in environment 
could be reflected in its survival pattern. 
Methods 
Bacteria, media, pesticides and buffers are listed 
in Chapter II. Relevant genetic markers associated with 
the strains is given in (Table IV ). Survival patterns 
of E•coli strains have been studied in the presence of 
pesticides. 
The SOS defective E.coli strains were treated 
with that concentration of pesticides at which the 
highest peak was observed in the Ames test . Except 
otherwise stated^ the E.coli cells were treated for 6 
hours with pesticide. All the media were freshly 
prepared. 
Pesticide treatment to bacteria : 
The SOS defective recA. recB. lexA. polA and uvrA 
mutants of E.coli K-12 as well as the isogenic wild 
type strain were harvested by centrifugation from 
g 
exponentially growing cultures (1-3 x 10 viable counts 
ml ). The pellets so obtained were suspended directly 
in 0.01M MgS04 solution and treated with the pesticides 
at various concentrations. Samples were withdrawn after 
the treatment period of 6 hours, suitably diluted and 
plated to assay the colony forming ability. Plates were 
incubated over night at 37*C. Treated controls were 
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also run simultaneously. 
RESULTS 
Evaluation of the qenotoxic effect of the pesticides 
Genotoxicity of captan 
The genotoxicity of captan has been asssessed by 
determining the colony forming ability of the bacterial 
strains treated with varying doses of captan. The 
relationship between the percent survival and the dose 
of captan is shown in Fig. 6.The trend of the survival 
curves of DNA repair defective mutants, recA , recB , 
lexA , and pol campared to their isogenic wild types 
ABii57 and pol A clearly indicates the DNA damaging 
activity of the captan. The mutants particularly pol , 
recA , and lexA exhibited a significant decrease in 
the colony farming ability within a concentration range 
of 2 to IB^g^itJesticide. Among all mutants, pol was 
found to be the most sensitive and its survival reached 
to the baseline, indicating 99.3X loss in viability 
campared to the pol strain. The mutants recA and lexA 
have also shown decrease in the colony forming 
ability compared to their wild-type counterparts. It 
was noticed, that a higher concentration i.e. IQiuq/fni of 
captan, the wildtype cells also exhibited a decrease in 
the survival with a proportional reduction in the 
survival of mutant strains. 
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Genotoxicity of foltaf 
A relatively higher amount of foltaf was used for 
the genotoxicity assay. Fig. 7 shows the comparision of 
the survival curves of various DNA repair defective 
mutants with the repair proficient strains in a 
concentration range of 0 to 15pqWof foltaf. At a sub-
lethal concentration of 5^g, a noticeable change in the 
survival pattern of the mutants was observed. This 
effect became more pronounced at a higher concentration 
of i5^g foltaf resulting in percent reduction in the 
colony forming ability of pol and recA mutants, 
respectively. The highest toxic dose was found to be 
25ug which causes significant loss in the viability of 
all the strains and no differential response was 
noticed at this concentration . 
Genotoxicity of phosphamidon 
Fig.8 shows the survival curves of recA , recB , 
uvrA, lexA and polA mutants upon treatment with 
phosphamidon in a broad concentration range of 0-100u^W-
Relatively weak genotoxic activities were noticed even 
at a higher concentration of 100 ^ cj^,Hawever, certain 
mutants including polA , recA and lexA were found to 
be much more sensitive compared to uvrA. recB and wild 
type strains. An almost linear dose dependent decrease 
in the colony forming ability of polA mutant was 
observed. On the other hand , the mutant recA~ and 
lexA exhibited resistance against the higher 
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Fig. 7. Survival of SOS defective E. coli K12 strains 
exposed to foltaf. 
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Fig. 8. Survival of SOS defective E. coli K12 strains 
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concentration of phosphamidon. The wildtype polA-<- and 
AB1157 also showed almost similar response in the test 
range. 
Genotoxicity of furadan 
The genotoxicity of furadan was evaluated at a 
much higher concentration range, ranging form 0-300 ygftnt. 
As shown in Fig. 9 , the relationship between the 
percent survival and the dose of furadan represents a 
weak genotoxic ability of furadan. Even the higest 
concentration of 300^g was found to be insufficient to 
induce significant DNA damage which could result in the 
loss of viability of the bacterial strains. 
Nevertheless, the differential pattern of the survival 
curve, as observed at 100pg concentration of furdan, 
indicates that pol , recA and lexA ars relatively 
more sensitive strains as compared to the recB mutant 
and the wiIdtype-strains. 
Discussion 
Bacterial injury caused by UV and ionizing 
radiations has been well documented (Auerbach, 1976; 
Howard-Flanders, 1968; Witkin, 1976; Friedberg, 1985). 
Cellular DNA damage occurs following exposure to 
ultraviolet light, ionizing radiation, various 
environmental chemicals and reactive oxygen species. If 
left uncorrected, it can result in cell death, mutation 
and neoplastic transformation. Prokaryotes and 
eukaryotes have evolved systems for reversing DNA 
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Fig. 9. Survival of SOS defective E. coli K12 strains 
exposed to furadan 
Wild type { — ) ; recB (-^ i^ ); recA (-H); lexA (-O-) ; 
pol* (-><-); pol~( O ). 
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damage, and several classes of DNA repair enzymes have 
been identified (Friedberg and Bridges, 1983). 
The pesticides which were detected to be mutagenic 
in the Ames testing system were also tested with SOS 
repair defective recA , recB , lexA , uvrA and polA 
mutants of E.coli K-12. It is postulated that the 
inducible error—prone repair pathway could potentially 
operate on all types of lesions in DNA whether produced 
by radiation or by other agents (Walker 1785). These 
mutants were found to be highly sensitive to the 
pesticides (Figures 6, 7, 8 and 9) suggesting thereby, 
the damage to the DNA of the exposed cells as well as 
the role of polA, recA, recB. uvrA and lexA genes to 
cope with the hazardous effect of the pesticide. polA 
mutant was found to be most sensitive to all the four 
pesticides. The role of recA and lexA gene in 
initiating the error prone repair in E.coli is well 
documented (Witkin, 1976; Walker, 1985)This idea gains 
further support by Ames testing studies (Figures 1, 2, 
3 ,4 and 5) with Salmonella strains triggering the 
error prone SOS response. 
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CHAPTER-V 
DISCUSSION 
DISCUSSION 
Our studies on the mutagenicity and genotoxicity 
of the pesticides viz captan, foltaf, phosphamidon and 
furadan have provided, a complete profile of the 
mutagenic potential as well as insights into their 
mechanism of repair in bacteria. It is generally 
believed that a large proportion of human cancer is 
mainly due to the exposure to genotoxic chemicals 
present in the environment. Ironically, very few of 
them have been tested for their carcinogenic and /or 
mutangenic activities. It is, therefore, emphasized to 
identify the entire spectrum of chemical carcinogens by 
performing the short-term mutagenicity and 
carcinogenicity assays in combination with 
epidemiological investigations. Among the plethora of 
environmental mutagens, pesticides are considered to 
belong to a noxious chemical class of compounds, posing 
a major threat to the global environment, A majority of 
them have been reported to be mutagenic, carcinogenic 
and teratogenic (Lucier and Rambush, 1983; M£tzler, 
1984; Dunkel et. al., 1985). Unfortunately due to lack of 
a national database, no accurate or current statistics 
are available regarding the incidence of acute 
pesticide poisoning in this country. However, in the 
United States atleast 30 to 40 persons die of acute 
poisoning each year and approximately 20,000 persons 
Are taken to emergency room each year for actual or 
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suspected pesticides poisoning (Weisenburger, 1993). In 
fact acute poisoning is thought to be a major global 
health problem with approximately 25 million 
occupational poisoning per year (Jeyaratnam, 1990). 
Most of these occur in third-world countries where 
pesticide education and monitoring and the use of 
safety equipments are largely non-existent. 
The epidemiological data have indicated that most 
of the cancer is due to the environmental factors 
(Ramel, 1991). Consequently, the identification of 
carcinogens in the environment is of fundamental 
importance in cancer prevention. This has actually 
prompted us to evaluate the genotoxic and mutagenic 
potential of certain pesticides. The four selected 
pesticides tested in this study have shown a 
differential mutagenic response in the following order, 
capton > foltaf > phosphamidon > furadan. As indicated, 
captan, a highly effective broad spectrum antimicrobial 
agent (Dillwith and Lewis, 1982a) was found to be most 
mutagenic among all the pesticides tested. However, its 
mutagenic activity was observed to be decreased in 
presence of S9 mix suggesting that captan could be a 
direct acting mutagen and does not require any 
metabolic activation. In fact, its catabolism resulted 
in the production of relatively less mutagenic 
intermediates as evident in Fig. 2. This attenuated 
mutagenic response of captan in presence of S9 mix is 
in accordance with the earlier reported results ( 
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Moriya et. aj_ 1978). Captan was reported to be mutagenic 
with the strains that detect the mutagens damaging 
G > C base pairs (Bridges et, al_j 1972; Xu and 
Schurr 1990). It is now clear from our results that 
captan also exhibits positive mutagenic response with 
the strain TA104, which suggests that it could also 
induce A > T base pair substitution. We have also 
noticed about 1.6 to 13 times higher mutagenic response 
of captan with different tester strains under our 
experimental conditions; compared to the reported 
values . As expected captan was found to be relatively 
less mutagenic in strain TA102, the strain with intact 
excision repair system, suggesting that the captan 
induced DNA lesions are repairable by the enzymatic 
repair mechanism. 
Other pesticides including foltaf, phosphamidon, 
and furadan have been identified as comparatively weak 
mutagens. Although, all of them have exhibited 
mutagenic response to a certain extent in strains TA104 
and TA102, none of them were significantly responsive 
with strain TA100. Comoarison of the test pesticides on 
the basis of their structure-activity relationship 
revealed that the tricnloromethy1thio moiety of captan, 
is primarily responsible for the formation of adducts 
with DNA. Although, foltaf has a reactive group similar 
to captan, but the substitution of its terminal CHCI2 
group seems to be more difficult than in captan. 
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However, the mutagenic profile of foltaf suggests its 
broad specificity for inducing both the transition and 
frameshift mutations in DNA. Our studies revealed that 
the most sensitive loci were his6428 and hi5(ai242 in 
the multi-copy plasmid pkMi01 inside the tester strains 
TA102 and TA97a respectively. Since Foltaf exhibited 
maximum mutagenic response in excision repair 
proficient strain TA102, it could possibly be due to 
the partial removal of lesions by uvrABC excinuclease 
and might have involved the error prone type of 
mechanisms in repairing the damage at the expense of 
mutations at the repaired sites. 
Similarly, phosphamidon contains only one chlorine 
2 
atom a t t a c h e d t o sp - c a r b o n ( v i n y l i c c h l o r i d e ) and 
t h e r e f o r e , i t s s u b s t i t u t i o n w i l l be even more d i f f i c u l t 
than in f o l t a f . Moreover , t h e p l a u s i b l e r e a s o n fo r l e s s 
mutagenic a c t i v i t y in c a s e of fu radan c o u l d be t h e 
absence of hydrogen m o e i t y . A p p a r e n t l y , t h e on ly 
r e p l a c e a b l e g r o u p i s -NHCH3, which i s supposed t o be a 
poor l e a v i n g g r o u p . The a v a i l a b i l i t y of an e a s i l y 
r e p l a c e a b l e e l e c t r o p h i l i c f u n c t i o n a l g r o u p in a 
c a r c i n o g e n i s t h e r e f o r e an i m p o r t a n t f a c t o r in 
n u c l e o p h i l i c s u b s t i t u t i o n r e a c t i o n w i t h DNA. Thus u s i n g 
a s e t of S a l m o n e l l a typhimur ium s t r a i n s we have , 
e s t a b l i s h e d t h e m u t a t i o n a l s p e c i f i c i t y of t h e t e s t 
p e s t i c i d e s w i t h o u t i n v o l v i n g any o t h e r complementary 
a s s a y . 
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Our studies on the genotDxic effect of the 
pesticides on DNA repair defective mutants of E^ . coli. 
have also clearly suggested the role of pol. recA and 
lexft genes in the repair of the pesticide induced DNA 
damage . The mutants polA , recA and lexA have shown 
a significant decrease in their survival upon exposure 
to the pesticides. In the case of captan, foltaf and 
furadan, the wild-type AB1157 has also exhibited a 
decline in the survival curve particularly at a higher 
concentration range which could be due to the 
inhibition of the cellular metabolic machinery. There 
a.re reports indicating that captan inhibits the 
activity of DNA polymerase I (Dillwith and Lewis, 
1982b), It also inhibits both the DNA and RNA synthesis 
(Dillwith and Lewis, 1982b) by blocking the binding of 
polymerase to the DNA template. The reduced survival of 
wild type strain upon treatment with foltaf, furadan 
and phosphamidon could be due to similar reasons. Since 
the role of recA and lexA genes in initiating the 
error—prone repair in E^. col i is well documented 
(Witkin, 1976; Walker, 1985), the involvement of these 
genes in our repair study led us to suggest the role of 
inducible error—prone repair pathways in the enzymatic 
removal of pesticides induced lesions in DNA. 
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